To assess the arterial pattern of middle segmental artery and its relation with collecting system in the human kidneys.
INTRODUCTION
produced during metabolic activities via urine.
In the kidney urine passes through minute ducts called as collecting system of nephrons. This
Kidneys are chief excretory organs in the human body and eliminate nitrogenous waste products
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collecting duct system is very closely related with the segmental renal arteries. Objective of the present study is to investigate the variations in arterial pattern of middle segmental artery and its anatomical relations with collecting system of human kidneys. Graves [1] laid the foundation of segmental pattern of intrarenal arterial distribution and its variation. He divided the renal parenchyma into five segments that were apical, upper, middle, lower and posterior. Kher [2 ] observed that anterior division gives origin to apical segmental artery first and then to upper, middle and lower segmental arteries. Ajmani [3] and Longia [4] studied the intrarenal arterial pattern of Kidney by corrosion cast method and found variations in arterial pattern of segmental arteries. Anatomical knowledge about branching and relations of intra-renal arteries is important for performing intra-renal surgeries with minimal blood loss and minimal injury to adjacent parenchyma [5] .
MATERIALS AND METHODS
Corrosion cast techniques were used to study the detailed anatomy of middle segmental artery of human kidneys. We obtained 50 human kidneys for our study from the mortuary, within 24 hours of death. A solution containing 20 gram moulding granules of butyl butyrate dissolved in 100 ml acetone was injected into the renal vessels and ureter of each kidney. Injected kidneys were kept immersed in 10% formal saline for polymerization for a day. Next day these kidneys were transferred into concentrated Potassium Hydroxide solution for corrosion, so that endocasts can be obtained. Endocasts were cleaned under the running tap water and small branches of renal arteries were pruned out to observe the arterial pattern of middle segmental artery and its relation with collecting system.
RESULTS
Type-1 (MSAT1), Middle Segmental Artery Type-2 (MSAT2) and Middle Segmental Artery Type-3 (MSAT3). MSAT1 arose from anterior division of renal artery and seen in 29 (58%) kidneys (figure 1). Out of these in 6(12%) kidneys the origin of the artery was extra renal, in 18(36%) kidneys intra renal and in 5(10%) kidneys within the hilum of the kidney. MSAT2 arose with upper segmental artery and seen in 14(28%) Kidneys (Figure 2 ). Out of these in 10(20%) Kidneys the origin was intrarenal and in 4(8%) kidneys at hilum. MSAT3 arose with lower segmental artery and seen in 6(12%) kidneys ( Figure 3 ). Out of these in 5(10%) kidneys the origin was intrarenal and in 1(2%) kidney at the hilum. We also observed variations in the relation between middle segmental artery and collecting system of the kidney. These variations have been divided into three groups namely Middle Segmental Artery Group-1 (MSAG1), Middle Segmental Artery Group-2 (MSAG2) and Middle Segmental Artery Group-3 (MSAG3). MSAG1 ran infront and lower half of pelvis. It was seen in 16(32%) kidneys ( Figure  2 ). MSAG2 ran infront and middle of pelvis. It was seen in 12(24%) kidneys (Figure 1 ). MSAG3 ran infront and upper half of pelvis. It was seen in 21(42%) Kidneys (Figure 4 ).
Anatomical variations of middle segmental artery were studied in 50 human kidneys by corrosion cast techniques. Middle segmental artery was present and observed in 49(98%) kidneys and it was absent in 1(2%) Kidneys. We investigated the arterial pattern of middle segmental artery and observed three types of variations namely Middle Segmental Artery 
DISCUSSION
Variations in arterial pattern of middle segmental artery have been reported by other authors. In our study we also found variations in its arterial pattern. We compared our finding with past studies by other authors [6] [7] [8] [9] shown in Table 1 . We also found three different variations in relation between middle segmental artery and collecting system namely MSAG1, MSAG2, MSAG3 and they were found in 32%, 24%, 42% kidneys respectively. It is to be noted that the arterial pattern of middle segmental artery and its variations has already been reported previously by other authors (tabulated in table 1) but the relation of middle segmental artery with collecting system has not yet been reported and our present study is the foremost to do so. A very serious and troublesome complication of endoscopic intra-renal operations is bleeding from an injured vessel and damage to collecting ducts of kidneys. To diminish the risk of such injury, the surgeon must know and recall the spatial positions of the intra-renal vascular structures and their anatomical relations with the collecting system [10] . The knowledge of these anatomical relations and variations are very useful for uro-surgeon for performing nephrectomies, removal of calculi or other various intrarenal surgeries with minimal complications. 
CONCLUSION
The precise knowledge of arterial pattern of middle segmental artery and its relation with collecting system is of valuable contribution for surgeon in performing more and more conservative renal surgeries like partial and segmental resection of renal tissue instead of going for radical nephrectomy which may cause extensive damage and can also lead to intraoperative and post-operative complications like 
